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(54) A PROCESS FOR PRODUCING GASOLINE, DIESEL FUEL AND CARBON BLACK FROM 
WASTE RUBBER AND/OR WASTE PLASTICS 

(57) The present relates to a process for producing 
gasoline, diesel and carbon black by employing waste 
rubber and/or wast© plastics materials. The process 
comprising performing a reaction of pyrolysis, removing 
inrtpurities, catalytic cracking, and fractionating. The 
present invention also relates to a catalyst used in the 
process. 
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Description 

Field of the Invention 

The present invention relates to a process for treat- 
ing waste rubber and/or waste plastics, and more partic- 
ularly to a process employing pyrolysis and catalytic 
cracking of waste rubber and/or waste plastics to pro- 
duce gasoline, diesel and carbon black. 

Background of the Invention 

Many methods for preparing gasoline and diesel 
with waste rubber and waste plastics including those 
disclosed in US5.414.169, US4,851.601 and EP-A- is 
0607862 and the like have been reported. US5.414,169 
teaches a method In which pyrolysis reaction of waste 
rubber or waste plastics is first carried out. then result- 
ant product is fluidified, and finally catalytic cracking is 
practiced with a catalyst in a liquid phase. US4,851 ,601 2o 
discloses a process in which catalytic cracking of prod- 
uct from pyrolysis of waste plastics is carried out in gas- 
eous phase with a catalyst ZSM-5. The process cannot 
be used to treat a polyolefine containing halogen which 
makes the catalyst inactive. EP-A-0607862 discloses a 25 
method, in which materials from pyrolysis undergo the 
reaction of catalytic crad«ng with a acidic solid catalyst 
to pKxJuce a primary product from catalytic pyrolysis 
which is separated by cooling, then the resultant com- 
ponents in gaseous phase are subjected to a catalyst 30 
such as H3PO4 to give a secondary hydrocarbon oil. 

Summary of the Invention 

The invention provides a method for producing 3S 
gasoline, diesel and carbon black by using waste plas- 
tics and/or waste rubber. According to the invention, 
waste plastics and/or waste rubber materials being 
properly pretreated are charged into a pyrolysis reactor 
with a screw feeder or a reciprocating feeder. A spiral 40 
stirrer in the pyrolysis reactor is operated to stirred the 
contents when tiie reactant are charged. After the pyrol- 
ysis reaction is completed, resulting carlxjn black is 
drained away with the spiral stin-er from the pyrolysis 
reactor vessel. Other resulting substances of gaseous 45 
phase having lower molecular weight are subjected to a 
tank of desulfurating and/or denltrinating and/or dechio- 
rinating to desulfurate and/or denitrlnate and/or dechlo- 
rlnate. Residual sulfur, nitrogen and chlorine are 
removed through a fixed bed. while primary catalytic so 
pyrolysis is simultaneously conducted. Materials In gas- 
eous phase enter the device for catalytic cracking to 
undergo the reaction of catalytic cracking tiierein. The 
substances produced by the catalytic cracking are sep- 
arated to give the desired products. The spiral stirrer bs 
an-anged in the pyrolysis reactor according to the inven- 
tk>n decreases coking off the reacting substances, and 
enhances the efficiency of conduction of heat In addi- 



tion, the stirrer is rotated clockwise during the pyrolysis 
reaction, but drains the carbon black away when rotated 
counterclockwise. A special catalyst is employed in the 
invention, and the device for desulfurating and/or denl- 
5 ti-inating and/or dechlorinating makes the life of the cat- 
alyst longer, and the range of materials ti'eated wider. It 
solves problems known in the art 

Brief Description of the Drawings 

10 

Rgure 1 is a schematic view of tiie reaction appara- 
tus according to the invention, wherein the elements 
are: 

27 screw feeder or reciprocating feeder 

1 heating furnace 
5 pyrolysis reactor 

2 spiral stirrer 

8 a first device, for desulfurating and/or denitrinat- 
ing and/or dechlorinating 

9 a second device, for desulfurating and/or denitri- 
nating and/or dechlorinating, and for simultane- 
ously carrying out the primary recation of 
catalytic cracking 

10 a device for catalytic cracking, and 
25 a fractional column 

Detailed Description of the invention 

According to preferred embodiments of Uie inven- 
tion, waste rubber materials (NR, SR, SBR, BR. IR, CR, 
NBR, EPR, EPM and MR) and/or waste plastics ( PE, 
PR PS. PVC. ABC. etc. ) are pretreated in known man- 
ner to remove impurities. A heating furnace 1 provides 
heat to a pyrolysis reactor 5 to conti-ol the temperature 
therein in the range of SSO-SOO^C. The waste riAber 
and/or waste plastics treated are charged into the reac- 
tor 5 through a feeding inlet 3. A spiral stirrer 2 in the 
reactor is operated to stir when the reactive materials 
enter. The waste rubber and/or waste plastics undergo 
a reaction of pyrolysis In the range of the temperature. 
In the reactor 5 they are decomposed to generate 
hydrocaitx3n8 In gaseous substances having lower 
molecular weight. If the materials are waste rubber . 
they are entirely decomposed and cartion black residue 
is discharged out of the reactor through a valve 6 under 
the actton of the spiral stirrer 2 and can be used for 
preparation of tires. Through the top of pyrolysis reactor 
5. sulsstances of gaseous phase having lower molecu- 
lar weight are directed to device 8 for desulfurating 
and/or denltrinating and/or dechlorinating, in which 
base materials such as granular NaOH or KOH or fused 
forms thereof are provided. Most of the acidic gases 
such as HCI. SOg, SO3. HaS.etc. resulting from pyroly- 
sis are absorbed in the device 8. The gaseous sub- 
stances from device 8 enter a fixed bed 9, in which 
unabsorbed acidic gases and other odoriferous gases 
are removed while the primary reaction of catalytic 
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cracking proceeds simultaneously. A particular catalyst 
DL. prepared by the inventor, is used in the fixed bed 9. 
The gaseous substances from the fixed bed 9 are 
charged into a device 10 which, arranged as a fixed 
bed. is then used for catalytic cracking. A catalyst XL 5 
used in the device 10 is also prepared by the inventor. 
The complete reaction of catalytic cracking of gaseous 
substances from the device 9 is thus carried out. along 
with a series of other reactions such as folding reaction, 
reaction of hydrogen transfer and reaction of aromatiza- w 
tion. Gasoline, diesel and other mixed components of 
combustible gases are obtained from these reactions. 
TTie reactions in the fixed beds 9 and 10 are carried out 
at a temperature of 200-400"C, under a pressure of 
0.02-O.08 MPa, and at an air speed 1 -2000 nVh. is 

The products of catalytic cracWng firom the device 
10 are introduced into a condenser 19, in which they are 
cooled down to room temperature. The resulting liquid 
is a mixture of gasoline and diesel. The materials from 
the devise 1 9 enter a buffer vessel 21 through a separa- 20 
tor 20. The gases are charged into a storage tank 1 1 
from the top of the separator 20 from which the combus- 
tible gas is introduced back into the heating furnace 1 to 
burn. Residue gas in the tank 1 1 is discharged Into air to 
burn through a water-sealed tank 12. The liquid oil mix 25 
in the buffer vessel 21 Is treated with inorganic acid 
such as sulfuric acid for removing impurities. The oil mix 
is pumped into a heat exchange 24 with a pump 23 to 
be heated to a temperature of 250-350C, then intro- 
duced into a fractional column 25. in which gaseous and 30 
diesel are separated In different distillation cuts. Gaso- 
line Is introduced Into a condenser 14 from the top of 
column 25, and enters a gasoline storage tank 28 
through a separation facility 16 for separating oil and 
water. Diesel enters a stripper 26 from the middle of the as 
fractional column 25. Diesel is introduced Into a con- 
denser 13 after treatment by the overheated vapor, then 
enters a diesel storage tank 17 through a separation 
facility 15 for separating oil and water. 
\ ^ The catalyst D Lin tine fixed bed 9 Is opmposed_pf.a\ 40 
mixture of materials A and B, wherein the niatefikrA 
comprises 40-70% kaolin or activated clay, 10-30%^ 
aqueous solution of KOH or NaOH ( 10-20% of solid 
content), 10=15% ZnO or soluble zinc salt. 3-5% Cu6 
or solubl e copper salt, and a suitable amount of a binder 4s 
of ^ silicon, or aluminum , such as conventional bindere 
\^used in the art. for example, sodium silicate. The mate- 
rials are mixed, washed, dried and calcined at a temper- 
ature of 500-700 C. and material A is thus obtained. 
Material B comprises 40-80% kaolin or activated clay, so 
10-30% aqueous solution of NaOH or KOH (10-20% of 
solid content), 10-20% CaO or CaCOs, and a suitable 
amount of a binder of silicon or aluminum such as con- 
ventional binders used in the art, for example, sodium 
silicate. The materials are mixed, shaped, washed, ss 
dried and not calcined or calcined at a temperature of 
500-700^0, and material B is thus obtained. 

The ratio of the mixture of materials A and B may be 



varied by persons skilled in the art if desired. Preferably, 
it is prepared as a particulate. 

Hie catalyst XL in the device 1 0 for catalytic crack- 
ing comprises 10-70% synthetic carrier or semi-syn- 
thetic carrier. 10-50% H2SM-5 zeolite, 10-20% aqueous 
solution of NaOH or KOH (10-20% of solid content), 3- 
5% ZnO or a compound selected from the group con- 
sisting of Zn, Pt Fe, Cu and Ni. and a suitable amount 
of a binder of silicon or aluminum such as conventional 
binders used in the art, preferably, sodium silicate. The 
materials are mixed, shaped, washed, dried and cal- 
cined at a temperature of 500-700''C, and catalyst XL is 
thus obtained. Said synthetic carrier is prepared by the 
method of co-gelatination or precipitate, which contains 
20-80% Si02 as amorphous Si-Al. and Si-Mg and the 
like. A suitable amount of clay can be added to the syn- 
ttietic earner to adjust the bulk of the catalyst. Said 
semi-syntiietic carrier comprises kaolin, polyhydrate 
kaolin or activated clay, which are used as can-iers of 
tiie cracking catalyst in the art, and a binder selected 
from the group consisting of AI2O3, NssSiOs, and 
SiOg • AI2O3. Preferably, the catalyst is prepared as a 
particulate. 

Example 1 

1000 kg plastics waste was ground after removal of 
impurities. The materials were then charged into the 
reactor 5 for pyrolysis via the feeder inlet 3. The pyroiy- 
sis device 5 was heated with the heating furnace 1 to 
keep the temperature of materials in the device at 350- 
SOO'C while the pyrolysis reaction was can'ied out arxj 
the materials were decomposed into gaseous hydrocar- 
bons of small molecular weight. Gas from the device 5 
was charged into tiie de\^ce 8 to remove acidic gases. 
Gaseous substances from the device 8 were further 
treated to remove the residual sulfur, chlorine and nitro- 
gen by the catalyst DL in the fixed bed in the device 9. 
where the primary reaction of the catalytic cracking pro- 
ceeded. The substances from the device 9 entered the 
device 10 to perform the reaction of catalytic cracking. 
The temperature in the devices 9 and 10 was 200- 
400"C. and the pressure was in the range of 0.02-0.08 
MPa. The materials from the device 10 were separated 
and fractionated to give gasoline 370 kg and diesel 370 
kg. The RON of gasoline of the product was 90-93, 
dried point s 205. The cetane ratio of diesel of the prod- 
uct was 45-60. The 95% distillation range of diesel In 
the product was less than SBO^C ( freezing point s - 
20''C). 

Example 2 

In the same manner as in Example 1, 1000 kg 
waste rul>ber was used to give gasoline 320 kg, diesel 
309 kg and carbon black 280 kg. The BP absorption 
value of cartx)n black was 47+7 cm^/IOOg, the ash con- 
tent i 0.3%, and the heated reduction i 1 ,0%. 
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Industrial Applicability 

According to the method of the invention, gasoline, 
diesel and carbon black can be produced with a higher 
yield by using materials of waste plastics and/or waste s 
rubber. The method of the invention can be used to 
guarantee the consecutive production in the irdustry. 

Claims 

10 

1. A process for producing gasoline, diesel and car- 
bon black from waste rubber and/or plastics materi- 
als, comprising: charging the waste materials into a 
pyrolysis da/ice through a feeder; discharging car- 
bon black from the pyrolysis: charging the resulting is 
materials in gaseous phase into a device for cata- 
lytic cracking; and fractionating the resulting prod- 
ucts through a fractional column, wherein the 
reactive materials are stirred with a screw stin-er in 

the pyrolysis device, and enter a device for desulfu- so 
rating and/or denitrinating and/or dechlorinating 
prior to entering the device for catalytic cracking. 

2. The process according to claim 1, wherein said 
device tor desulfurating and/or denitrinating and/or 25 
decWorinating comprises an absorption device with 

a base and an absorption device with a fixed bed. 



which: 

A is prepared by mixing 10-70% synthetic car- 
rier or semi-synthetic can-ier, 10-50% HZSM-5 
zeolite. 10-20% aqueous solution of NaOH or 
KOH ( 10-20% of solid content ). and 3-5% ZnO 
or a compound selected from the group con- 
sisting of Zn. R, Fe. Cu and Ni. with suitable 
amount of a binder of silicon or aluminum, 
washing, drying and calcining; and 
B is prepared by mixing 40-70% kaolin or acti- 
vated clay, 10-30% aqueous solution of NaOH 
or l«DH C 10-20% of solid content ). 10-20% Ca 
or CaCOs. with suitable amourtt of a binder of 
silicon or aluminum, shaping, drying and cal- 
cining. 

8. The process according to claim 4 or 6, wherein said 
catalyst is prepared as a particulate. 



3. The process according to claim 2, wherein said 
absorption device with a fixed bed is also a device 30 
for catalytic cracking. 

4. The process according to claim 1 , wherein the cat- 
alyst used in the device of catalytic cracking is pre- 
pared as follows; 1 0-70% synthetic carrier or semi- 35 
synthetic carrier. 10-50% HZSM-5 zeolite. 10-20% 
aqueous solution of NaOH or KOH ( 10-20% of 
solid content ). 3-5% ZnO or a compound selected 
from the group consisting of Zn, Pt Fe, Cu and Ni, 
and a suitable amount of a binder of silicon or alu- 40 
minum are mixed, shaped, dried and calcined or 

not calcined to give the desired catalyst. 

5. The process according to claim 4, wherein said 
semi-synthetic carrier is a clay .selected from the 4S 
group consisting of kaolin, polyhydrate kaolin or 
activated clay, and the synthetic carrier is prepared 
with the method of co-gelati nation or precipitate, in 
which the amount of Si02 is 20-80% by weight. 

so 

6. The process according to claim 1 or 2, wherein a 
reaction temperature in the absorption device with 
a fixed bed or the device for catalytic cracking is In 
the range of 200-400C, and the pressure is in the 
range of 0.02-0.08 MPa. 55 

7. The process according to claim 3, wherein the cat- 
alyst used in the fixed bed is made from A and B, in 
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